The aim of the present study was to evaluate the quality of irrigation water for vegetables in a Greater São Paulo watershed region. Acute and chronic ecotoxicity bioassays with Dugesia tigrina and Selenastrum capricornutum and geno/mutagenicity assays with Allium cepa were performed, as well as microbiological assays for total and thermotolerant coliforms, according to the legislation. The ecotoxicological data did not show significant toxicity in any of the samples. However, surface water genotoxic effect was detected in 2 out of the 3 points and mutagenic effect in all three sampled points, as well as in the sediment, in the Allium cepa test. Such high prevalence of total and thermotolerant coliforms in all samples at the three points indicates a compromised environmental integrity of the basin due to high loads of organic pollution, probably of clandestine origin. No emissions of industrial origin were detected in the region. Thus, taken together, the results suggest that agricultural activity itself may account for the impacts in these water bodies. The present study represents a contribution to the scarce data available in the literature about this important Greater São Paulo region.
INTRODUCTION
Vegetables are an integral part of the world population's diet. Health concerns and the knowledge that many species are excellent sources of vitamins, minerals, and antioxidant and hypocaloric substances have led to a growing demand for green leafy vegetables over the last ten years (Taban & Halkman, 2011) .
Despite multiple health benefits provided by these plants, several studies conducted in various countries around the world, including Brazil, singled out vegetables as vehicles for spreading several diseases, a fact that is assigned mostly to the use of contaminated irrigation water (Mattos, 2003; Franco et al., 2006; Mazari-Hiriart et al., 2008; Taban & Halkman, 2011) . Almost all surface water in the greenbelts of large urban centers is severely contaminated by untreated municipal wastewater and, in spite of the risk of transmission of a number of diseases, this contaminated water has been used indiscriminately in irrigation (Marouelli & Silva, 1998) .
Freshwater reservoirs can be affected by several hazardous substances through agricultural inputs, sewage discharges, leaching and runoff (Palma et al., 2010) .
Public health risks arising from the use of waste water are related to the presence of potentially pathogenic microorganisms, as well as the presence of toxic chemicals of organic and inorganic origin that above certain concentrations can be harmful both to humans and to the ecosystems (Chiou, 2008; Papadopoulos et al., 2009) .
A simple physical, chemical and biological characterization is not sufficient to control the sources of water pollution. Toxicity assays should be viewed as indispensable analysis tools to control water pollution, as they detect the effects of pollutants on the biota, whereas chemical analyses only identify and quantify the substances present in environmental samples (Zagatto & Bertoletti, 2006) .
Water quality assessment is crucial in the implementation of monitoring programs to minimize the risk posed by dangerous substances both to the safe consumption of fruits and vegetables and to aquatic ecosystems. Assessments of the extent of contamination of aquatic environments must not take into account only their chemical characterization, but be supplemented with biological assays to evaluate potential toxic effects and allow an integrated evaluation of their impacts on the populations and communities of aquatic ecosystems. This approach has clear advantages, as it allows an overall assessment of the effects of all water components, including those that are caused by unknown and synergic substances as well as antagonistic or additive effects (Palma et al., 2010) . Furthermore, such tests are important in the assessment of the so-called emerging contaminants (Yoshihara & Murugananthan, 2009 ).
Several authors point to planarians as models for the evaluation of environmental contaminants, being very useful for these studies because they allow the assessment of effects at different levels of biological organization, such as molecular, cellular, physiological, or behavioral (Best & Morita, 1991; Calevro et al., 1998; Guecheva et al., 2003) .
Other studies conducted with algae showed that they have a quick physiological response, allowing the damaging effects caused by toxic compounds to be detected in a short period of time (Sicko-Goad & Stoermer, 1988) . Algae can be used as biological monitors of water quality and as indicator species to assess the environmental impact of pollutants (Hellawell, 1986) .
Test systems with higher plants, such as Allium cepa, are used to study the effects of various environmental samples in order to detect genotoxicity (Teixeira et al., 2003; Fachinetto et al., 2007; Leme & Marin-Morales, 2008) . El-Shahaby et al., (2003) viewed the Allium cepa test system as the most adequate to detect toxicity and genotoxicity in order to evaluate environmental pollution levels that pose a direct or indirect risk to the human population. This paper proposes to assess the quality of irrigation water and the potential risk of vegetable consumption in a watershed area of Greater São Paulo through the application of bioassays with sensitive organisms.
MATERIAL AND METHODS
The sampling points for this study were small watercourses located in a sub-basin of High Tietê, Cotia-Guarapiranga, which corresponds to a watershed area with many springs and watercourses, being the Embu-Mirim river a major tributary of the Guarapiranga Reservoir.
From April to September 2011, water and sediment samples were collected (in triplicate) at three points (small watercourses) used for irrigation of leafy vegetables inside private agricultural properties. There were conducted three sampling campaigns, which were held in the months of April, June and September, with an interval of about two months between collections.
To provide a more complete evaluation, in addition to the ecotoxicological tests, physical, chemical and microbiological assays were also performed.
The methodology used to evaluate the physical and chemical properties is described in Standart Methods For The Examination of Water and Wastewater. The water quality variables were analyzed according to the quality standards established by CONAMA Resolution 357: 2005 (BRAZIL, 2005 , for Class 1 waters, which are intended for irrigation of vegetables eaten raw.
The microbiological avaliation was performed according to technical standard of Enviromental Company of the State of São Paulo, for qualitative analyse of total and thermotolerant coliforms. The quantitative analyse was also performed by the serial dilutions method, according to the CETESB L5.240 Apr/91 protocol.
Three different test organisms were used in the bioassays: Dugesia tigrina (planarian), Selenastrum capricornutum (green microalga) and Allium cepa (onion). Ecotoxicity tests with planarians consisted in exposing these organisms to samples of irrigation water, both pure (100%) and in dilutions (in distilled water) of 10%, 25%, 50% and 75%, using mineral water as control. Observations were made after 48 hours (acute analysis) and 72 hours (chronic analysis) to examine aspects such as color, response to light, mobility and mortality.
With the Selenastrum capricornutum alga, chronic toxicity was evaluated by exposing it to the same sample dilutions over a 72-hour period. The toxic effect observed was the inhibition of algal biomass growth (Radix et al., 2000; USEPA, 2002; Rubinger, 2009) , with cell count performed by the Neubauer chamber method.
The Allium cepa geno/mutagenicity assay was performed according to the protocol proposed by Ma et al., (1995) , with modifications. For this test, first the germination of bulbs and root exposure to samples of surface water and elutriate (both pure and in dilutions of 25% and 50% in distilled water), together with controls, were performed for 24 hours, followed by a recovery period (24 hours). Then the roots were collected and fixated in Carnoy's solution (ethanol: acetic acid 3:1).
The slides were prepared by root hydrolysis in HCl 1N for 15 minutes at 60°C, cells were staining with Schiff base. The meristematic region and the F1 region of the root were fitted and squashed between the slide and the coverslip with a drop of carmine dye. The reading (counting of chromosomal aberrations and micronuclei) of the slides was made with optical microscope at 400x magnification. Five hundred (500) cells were counted per slide, and 3 slides were counted per treatment.
Results

Physico-chemical Avalyses
Regarding the results of physico-chemical analyses (Table  1 ) the values are not displayed in accordance with the national legislation (CONAMA 357: 2005) determines for water irrigation of vegetables eaten raw. Important physicochemical parameters, such as dissolved oxygen, conductivity, and iron, most of the samples showed values outside the recommended for irrigation.
Microbiological Avaliation
The qualitative tests were positive for total and thermotolerant coliforms in all samples. Regarding the results of the quantitative analysis for thermotolerant coliforms (Table  2) , it should be stressed that the number found exceeded the limits proposed both by the national legislation (BRAZIL, 2005) and the World Health Organization (WHO, 1989) .
Bioassay with Dugesia tigrina
In relation to planarians (Table 3a and 3b), our results showed negative responses for mortality in the three sampling series for the three spots, i.e. exposure to vegetable irrigation water was negative for acute toxicity. There was no change in color or mobility of planarians; however, a behavioral change was observed in the first and third sampling series, at all concentrations, in which the response to light was abolished, i.e. the organisms did not respond negatively to light. Such result indicates that in these two series (at all concentrations), there was a chronic toxic action on the planarians. Figure 1 shows the average results of chronic toxicity tests with Selenastrum capricornutum algae. None of the samples from all three points differed significantly from the controls in this test, which shows that there was no toxicity at all dilutions tested and therefore no inhibition of algal growth, except for the 25% dilution, in wich was observed a larger growth than that observed for the controls.
Bioassay with Selenastrum capricornutum (Pseudokirschineriella subcaptata)
Bioassay with Allium cepa
The roots of Allium cepa exposed to sediment samples collected in the three points studied, exhibited high frequencies of chromosomal aberrations (CA). The rate of chromosomal aberrations (IAC) of the samples in the three campaigns was statistically different from the negative control performed with distilled water (P < 0.05, Figure 2 ). Regarding mutagenic activity, represented by counting micronuclei (MN) in the F1 region was also observed activity significantly different from the negative control, but only in samples from points 1 and 3, this effect was not observed in the point 2.
The same results as the IAC were also found for the bioassays performed with surface water (irrigation water). The percentage of AC in the samples in the three campaigns was statistically different from the negative control (p < 0.05, Figure 3) . Regarding mutagenic activity, there were no significant differences between these results and the negative control, demonstrating therefore that no mutagenicity in these samples. These results indicate that CA occurred in meristematic cells underwent repair process during cell division in the irrigation water. only one study reporting contamination by intestinal parasites in vegetables sold in this region (Oliveira & Germano, 1992) , and until of the final writing of the present paper no studies could be found involving the application of ecotoxicological assays to the diagnosis or monitoring of vegetable irrigation waters.
DISCUSSION
Our results of bioassays with algae and flatworms showed only chronic toxicity in two of the three samples, represented Samples  1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  1  2 by the lack of response of planarians to light. The absence of planarian mortality may indicate that the contaminants present in the samples were highly diluted or in non-lethal concentrations.
There was no algae toxicity, but, unlike, there was overgrowth of these organisms in the the sample diluted to 25%, indicating a tendency to eutrophication. It is believed that, in this case, probably there was an adjustment in nutrient concentration so that at this dilution level it became adequate for algal reproduction (Von Sperling, 1996) . Such super-growth results after sample dilution may be attributed to the presence of nutrients from organic matter present in the water, possibly from domestic sewage, as attested by the results of physical-chemical and microbiological analyses, and/or more probably from leached fertilizers from the cultivated areas themselves which would stimulate the growth of algae. However, an excess of such fertilizers derived compounds may be harmful to water bodies, since they provide an eutrophic environment with these algae overgrowth. However, despite the results, we observed no visible signs of this phenomenon at the time of sampling.
Besides, low values of dissolved oxygen (DO), high conductivity values and color, (Table 1) allow us to infer the existence of a high load of organic pollution likely originated from domestic sewage in these waters also confirmed by analysis of thermotolerant coliforms (Table 2) .Similar results to these were also found by Santos et al., (2009) and Bianchi et al. (2011) .
In recent years, various studies testing the system Allium cepa has been conducted in order to evaluate the effects of industrial and domestic effluents into surface waters (Santos et al., 2009 ; Barbosa et al., 2010 ; Bianchi et al., 2011; Nunes et al., 2011; Düsman et al., 2013) . Overall, the highest genotoxic activity values for superficial water samples were found in points 2 and 3, suggesting that these points had been compromised to a greater extent due to the presence of genotoxic compounds, a result that was also found in sediment samples. However, when analyzing the frequencies of MN in region F1 cells exposed to sediment samples, significantly higher values were found than those observed for the negative control in two of the three sampling points (P1 and P3), indicating that the sediment in these points had also a mutagenic activity. This activity found in the sediments could be explained by the fact that those, contrarily to surface water, accumulate pollutants, thus creating favorable conditions for regular measurement of the effects of certain impacts or changes the ecosystem may be subjected to (Kennish, 1998) . The sediment's ability to accumulate compounds is what makes this compartment one of the most important to assess the contamination level of continental aquatic ecosystems. The environmental contamination indicator compounds found in the sediment may be organic, such as insecticides and herbicides, or inorganic, like trace elements. All these pollutants can form very stable compounds that are unlikely to be released into the water column and tend to build up in the sediment, where they can reach high concentrationshigher even than the concentrations of common elements of the earth's crust (Esteves, 1998) .
Positive results detected by analysis of some parameters in bioassays with higher plants indicate the presence of genotoxic and/or cytotoxic substances in the environment, thus demonstrating a direct or indirect potential risk to living beings that are in contact with it (Fiskesjö, 1994 , Bianchi et al., 2011 Düsman et al., 2013) .
Although no significant mutagenic activity has been found in the present study, the observed genotoxicity is still an important indicator of environmental pollution. By performing bioassays with plants that are sensitive to genotoxicity caused by industrial agents, which can serve as a first alert indicating the presence of environmental hazards in the water, air and soil (Ma, 1999; Barbosa et al., 2010) . Moreover, such DNA changes, if not repaired by the cell system, can lead to mutations, the effects of which may range from cell inviability to the development of carcinogenic processes (Fernandes, 2005) .
The causes of high AC frequencies and MNI (micronucleus index) found, respectively, in water and sediment samples in this study have not been investigated. It is known, however, that genotoxic activity is caused by the synergistic action of pollutants with varied chemical nature present in the environment, since environmental samples are a complex mix (Zagatto & Bertoletti, 2006; Leme & Marin-Morales, 2009 2005) . The WHO recommends that waters used for irrigation of crops that are eaten raw should have a maximum limit of 1000 fecal coliforms/100 mL per sample (WHO, 1989) .
According to the guidelines set forth by the Brazilian legislation (more restrictive) and by the WHO (less restrictive), none of the samples fell within these limits, exceeding by far the acceptable limits for coliforms. Such results clearly allow us to assert the existence of contaminants of fecal origin from domestic sewage (Mazari-Hiriart et al., 2008; Camargo et al., 2009; Taban & Halkman, 2011) .
Taken together, the results lead to the conclusion that out of the three tested organisms, Allium cepa proved to be the most sensitive, allowing the identification of changes in cytogenetic levels even in trace concentrations of the toxic agent. The genotoxicity observed in sediment, where there is greater buildup of polluting substances, also implies a greater risk of contamination due to the possibility of migration and re-entry into the water column of toxic substances contained in the sediment in the presence of small environmental variations.
It was also determined that the basin's environmental integrity was compromised due to high loads of organic pollution, as shown by coliform analyses, with prevalence of microbiological contamination outside the levels recommended both by the Brazilian legislation and the WHO (Table 2) . However, the observed anthropogenic contamination was not associated with significant toxicity in some of the tested organisms, like algae and planarians, which could possibly be explained by the absence of industrial discharges near these locations.
Finally, the present work represents a contribution to expand the limited data available in the literature about this important region of the Greater São Paulo and to better inform the public decision-making process with regard to the promotion of sustainable agriculture and the implementation of monitoring points at this location.
